Birdshot retinochoroidopathy (BSRC) is an uncommon, but well-characterized chronic, bilateral posterior uveitis, which is uniquely associated with the human leukocyte antigen-A29 phenotype. The disease presents predominantly in middle-aged Caucasian females who complain of blurred vision, floaters, photopsias, paracentral scotomas and nyctalopia. While autoimmune mechanisms are thought to play an important role in the pathogenesis of BSRC, its etiology remains unknown. Important questions remain in our understanding of BSRC with respect to its pathogenesis, epidemiology, optimal treatment, and prognosis, including the determinants of remission and relapse, as well as the best strategy for monitoring disease activity, progression and response to therapy with electroretinographic and psychophysical testing, established and emerging imaging modalities, and peripheral cytokines profiles.
PATHOGENESIS
Birdshot retinochoroidopathy (BSRC) is unique in having the strongest association between a human leukocyte antigen (HLA) and human disease reported to date, with up to 96% of patients being HLA-A29 positive suggesting the central importance of this molecule for disease susceptibility. [1] However, the inciting antigen is unknown and the exact role of HLA-A29 in the pathogenesis of the disease is not well-understood. It has been suggested that an autoinflammatory response results from presumed molecular mimicry initiated either by prior microbial infection or other damaging factors and that HLA-A29 cross-reactive proliferative responses directed against retinal antigens could lead to loss of immunological tolerance and autoimmunity in BSRC. [2] An infectious etiology has been proposed in the pathogenesis of BSRC, either by initiating an immune response directly to the microbe itself or through molecular mimicry in a genetically predisposed individual, facilitating the presentation of autoantigen to T-cells by the HLA-A29 molecule. While antibodies to Borrelia burgdorferi were found in 4 of 11 HLA-A29 positive patients with BSRC in one study, there is no conclusive evidence for a direct role for Lyme disease pathogenesis of this disease. [3] The spontaneous development of a retinopathy resembling BSRC in HLA-A29 transgenic mice after 6 months of age suggests that the molecule itself plays a role in disease pathogenesis. In this model, the level of cell surface expression of HLA-A29, as well as the presence or absence of human beta 2-microglobulin, did not influence the frequency of retinopathy, suggesting that HLA-A29 itself does not mediate risk by presenting antigen to the immune system. As BSRC is a disease of older individuals in humans, it is of interest that younger transgenic mice did not develop disease, raising important questions as to role of aging in the pathogenesis of inflammation in this disease
In vitro immune responsiveness to retinal soluble antigen (S-Ag) and to interphotoreceptor retinoid binding protein (IRBP), while not specific to BSRC, have been demonstrated in a high percentage of patients.
from a BSRC patient with immune responsiveness to retinal S-Ag were similar to those found in monkeys with S-Ag induced uveitis, [6] while those from another HLA-A-29 patient were strikingly similar to those found in HLA-A29 transgenic mice. [7] Birdshot retinochoroidopathy is a disease involving both the retina and choroid. While it may be difficult to determine, which level is affected primarily on clinical exam, histopathologic, electroretinographic, and imaging studies of patients with BSRC suggest that the inner retina and choroid may be affected differentially and in the earlier stages of the disease. The role of S-Ag and IRBP in disease pathogenesis must be reconciled with their location in the outer retina, suggesting that they may not be the primary inciting antigens; rather, the immune response to these antigens may be an epiphenomenon in which these proteins are released by inflammation or infection later in the disease and become autoantigens, which propagate the autoimmune response.
The presence of HLA-A29 does not fully explain the full expression of disease, experimentally or in clinical experience. Not all transgenic mice develop the disease, and in humans, the disease remains rare despite the fact that 7% of the Caucasian population are HLA-A29 positive. While disease susceptibility appears linked to the HLA-A29 molecule, irrespective of subtype, other genetic or acquired factors not linked to the major histocompatibility complex are also likely to be involved in disease development given the low prevalence of BSRC in the HLA-A29 positive population.
Recently, specific allelic combinations of the killer cell immunoglobulin-like receptor (KIR) gene, which encode for inhibitory and activating receptors expressed on human natural killer (NK) cells and some T-cells, including CD8+ T lymphocytes, which are important in both innate and adaptive immunity, have been shown to confer significant risk for the development disease in HLA-A29 positive patients with BSRC while other compound genotypes were relatively protective. [8] These genes may contribute to the pathogenesis of BSRC by activating NK cells and T-cell subsets against intraocular self-antigens.
The preponderance of experimental and clinical evidence supports the notion of BSRC as a T-cell-mediated autoimmune disease associated with HLA-A29. Cyclosporine A, a specific inhibitor of CD4+ T-cell function, has been shown to be effective both the inhibition of S-Ag induced experimental autoimmune uveitis [6] and in the treatment of BSRC patients. [9] Most recently, T helper 17 (Th17) cells, a subset of CD4+ lymphocytes which secrete mainly interleukin-17 (IL-17), have been implicated in the pathogenesis of BSRC. A recent study employing a multiplex immunoassay for the detection of 23 immune mediators in paired aqueous humor (AqH) and serum samples of 16 patients with BSRC and 11 age related cataract controls, showed that the levels of IL-17, IL-2, IL-1β, IL-6 and tumor necrosis factor-α (TNF-α) were elevated in the intraocular fluid but not in the serum, with significant positive correlation between IL-17 and both IL-2 and IL-23 and between  IL-2 and IL-23. [10] The presence of elevated intraocular proinflammatory and T-cell associated cytokines suggest the novel pathogenic concept that an organ specific, Th17, cell-mediated process may be important in the pathogenesis of BSRC.
Similarly, a recent study provides complimentary information on peripheral levels of 20 immune mediators in the serum of 17 BSRC patients measured during different phases of disease activity and therapy employing quantitative, multiplex immunoassay with 12 healthy volunteers serving as controls. [11] Newly diagnosed BSRC patients with active disease, naïve to systemic immunomodulatory therapy (IMT) (n = 4) exhibited significantly elevated and positively correlated serum levels of IL-21, IL-23 and transforming growth factor-β1 (TGF-β1), three of the four key cytokines, which are known to be necessary for Th17 differentiation. While the fourth cytokine, IL-6, was not elevated, alternative pathways exist where either IL-21 or IL-23 together with TGF-β1 may promote Th17 differentiation independent of IL-6. [12] [13] [14] In contrast, among BSRC patients who were on systemic IMT or who were in remission (n = 13), there was no significant difference in the serum levels of immune mediators when compared with controls. While IL-23 was not found to be elevated in the AqH of BSRC patients in the previously cited study, neither IL-21 nor TGF-β1 were included in the multiplex assay. [10] Finally, the role of regulatory T-cells (Tregs), which are important in the development of certain systemic autoimmune disorders such as rheumatoid arthritis [15] and systemic lupus erythematosus [16] and in selected ocular diseases including Behcet's disease [17] and Vogt-Koyanagi-Harada (VKH) syndrome, [18] may be relevant in the maintenance of or escape from ocular self-tolerance in patients with BSRC. A pilot, case control study of 5 patients with active, treatment naïve BSRC showed that the percentage of CD4+ CD25+ Foxp3+ Tregs was significantly lower than in controls, whereas there was no difference between CD4+ CD25+ Tregs in both groups. [19] Taken together, these studies support the notion that peripheral cytokines (IL-21, IL-23 and TGF-β1) necessary for Th17 cell differentiation may promote, amplify and maintain a chronic, intraocular Th17 cell-mediated autoimmune response in patients with active BSRC. The mechanism by which chorioretinal-specific targeting of Th17 cell-mediated inflammation occurs in BSRC remains to be elucidated. In terms of clinical management, these findings underscore the importance of systemic therapy in BSRC, suggesting not only new strategies for targeted treatment, but also new insight into the determinants of and markers for the induction of sustained remission.
EPIDEMIOLOGY
Birdshot retinochoroidopathy is a disease seen almost exclusively in the Caucasian population with a mean onset age of 53 years and a slight female preponderance ranging from 51.7% to 72.7% in various studies. [1] Given its rarity, little data exists on the true national or global prevalence of the disease although it accounts for between 0.6% and 1.5% of cases referred to specialty uveitis centers, or 6-7% of those with posterior uveitis. [1] A peculiar aspect of the epidemiology of BSRC is its essential restriction to the Caucasian population. Sequencing of the Class I region has revealed more than 20 HLA-A29 subtypes, the most common being HLA-A29.2, and HLA-A29.1, the frequency and distribution of each varying with ethnicity. [20] Among HLA-A29 positive healthy white patients of Northern European extraction, the HLA-A29.2 subtype is present in approximately 80-100%, whereas the HLA-A29.1 subtype is found more commonly among populations from Southeast Asia where BSRC is absent or extremely rare. [21] While case reports exist among Hispanic [22] and African American patients in the USA, [23] and from Japan, [24] the disease is virtually nonexistent in Asia and the Indian subcontinent. The differential distribution of HLA-A29.2 and HLA-A29.1 among whites and Asians respectively has been cited as an explanation for the selective development of BSRC in patients of Northern European descent, with HLA-A29.2 thought to confer significant risk for the development of disease, while a "resistance motif" has been invoked in association with HLA-A29.1. [25, 26] In the United States, the gene frequency of HLA-A29.2 is 4.34% in whites, 3.57% in African Americans, and 4.91% in Hispanics and 0.42% in Asian Americans. [27] Corresponding gene frequencies for HLA-A29.1 include 0.19% in whites, 0.21% in Hispanics and 0.125% in Asian Americans. The low frequency of HLA-A29.2 in Asian Americans may partially explain the paucity of reported cases in this group; however, it does not among African Americans and Hispanics who appear strikingly protected from the disease. Recently, high resolution DNA typing of HLA-A29 among 20 patients with BSRC failed to support a protective role for HLA-A29.1 as both HLA-A29.1 and HLA-A29.2 were associated with disease. [28] Likewise, HLA-A29.1 has been reported in 2 white patients with a clinical diagnosis of BSRC; the HLA-A29.1 haplotype for white patients and Asian healthy subjects being identical, together with HLA-A29.1 and HLA-A29.2 complotypes. [20, 29] These data suggest that heretofore unidentified factors, not linked to the HLA allele, are either protective in Asians, Hispanics, and Africans or conversely, trigger autoimmune reactivity in whites.
CLINICAL FINDINGS
Patients often present in the subacute phase of the disease with floaters, photopsias, scotomata, nyctalopia, poor color, and contrast sensitivity. [30] Not infrequently, they may complain of blurry vision despite fairly good Snellen visual acuity. This may be attributable to metamorphopsia and poor contrast sensitivity. [1] Photophobia and pain are infrequent findings as are clinical signs and structural complications of anterior segment inflammation such as posterior synechiae; however, a mild vitritis is almost universally present. [1] Macular edema as seen clinically, angiographically or by optical coherence tomography (OCT) is the most common cause of central vision loss in patients with BSRC. [1] Retinal vasculitis is an important component of active disease and manifests predominantly as a periphlebitis being best visualized by fluorescein angiography (FA). [31, 32] Funduscopic findings include ovoid cream-colored lesions at the level of the choroid and retinal pigment epithelium (RPE), which are typically postequatorial in location, have a nasal and radial distribution, and are best visualized by indirect ophthalmoscopy [22, 33] [ Figure 1 ]. Funduscopic findings later in the disease include vascular attenuation, [6] nerve pallor and diffuse retinal atrophy with pigmentary changes [31, 34, 35] and the infrequent development of choroidal neovascularization (CNV).
DIAGNOSIS
The diagnosis of BSRC is essentially a clinical one, based on a thorough ophthalmic and medical history, review of systems, and ocular examination revealing the characteristic funduscopic picture. The absence of significant anterior inflammatory sequelae (synechiae), the presence of vitritis and/or cystoid macular edema (CME) without pars plana exudation, and HLA-A29 positivity all serve to solidify the diagnosis. Except for atypical cases, laboratory and ancillary testing are usually not necessary to establish the diagnosis of BSRC, but they are most useful in confirming the initial clinical impression and in excluding other differential diagnostic considerations.
The presence of HLA-A29 is not an absolute criterion for the diagnosis of BSRC. [36] While up to 96% of patients in the reported literature are HLA-A29 positive, based largely on antibody-based HLA typing, the positive predictive value of this test is <50% given the low prevalence of BSRC among patients with posterior uveitis (7%); hence, routine screening is discouraged as the diagnosis of BSRC would be more often incorrect based on this test alone. [37] On the other hand, for patients with bilateral multifocal choroiditis and clinical features consistent with a diagnosis of BSRC, the negative predictive value of HLA-29 typing (99%) may be useful as it may suggest alternative diagnoses such as sarcoidosis or choroidal lymphoma in the correct clinical context. While false negative antibody-based HLA-A29 typing has been reported in two patients with BSRC, [38] the more widespread availability of polymerase chain reaction based techniques should eliminate these outliers. Conversely, the absence of the typical clinical features of BSRC in the presence of the HLA-A29 positivity should prompt consideration of an alternative diagnosis, as 7% of the general population carries this haplotype.
DIFFERENTIAL DIAGNOSES
The various inflammatory, infectious, and neoplastic entities that may mimic BSRC appear in Table 1 . Infectious entities that may produce white dots in the retina and choroid, such as syphilis and tuberculosis, must be considered in the differential diagnosis, as these require specific antimicrobial therapy.
In the absence of anterior segment stigmata of granulomatous inflammation, posterior involvement by sarcoidosis may closely resemble that of BSRC both morphologically and angiographically. [39] [40] [41] [42] In contrast to BSRC, the cream-colored lesions of acute posterior multifocal posterior placoid epitheliopathy (APMPPE) have a plaque-like morphology, are located predominantly in the posterior pole, and exhibit characteristic angiographic features of early blockage and late staining. Moreover, the acute lesions of APMPPE typically resolve with retinal pigment epithelial hyperpigmentation, whereas, those with BSRC do not. [43, 44] Other white dot syndromes to be distinguished from BSRC include multifocal choroiditis and panuveitis, which typically exhibits smaller, discrete, punched out hyper-and hypo-pigmented lesions that block early, stain late, and are typically clustered around the optic nerve. [45] Bilateral choroidal lesions appearing in the acute uveitic phase of VKH disease may be distinguished from those of BSRC by the presence of exudative retinal detachment with pinpoint areas of hyper-fluorescence at the level of the RPE with subneurosensory pooling on FA versus retinal vascular inflammation. In addition, VKH is a systemic disease with characteristic extraocular differentiating features. [46] Finally, patients with primary intraocular lymphoma may present with multiple bilateral yellowish lesions and vitritis; however, their subretinal, sub-RPE location in the clinical context usually distinguishes them from those seen in BSRC. [47] [48] [49] [50] 
TREATMENT
When to initiate therapy, the optimal therapeutic regimen, and the duration of such treatment are important issues in the management of BSRC. While it has been suggested that as many as 20% of patients with birdshot may have self-limited disease, [22] long-term follow-up suggests a course marked by multiple inflammatory exacerbations and progressive visual loss replete with structural complications and global retinal dysfunction over the long-term independent previous oral corticosteroid therapy. [33, 34, 51, 52] Given this guarded visual prognosis and uncertain natural history, the early introduction of steroid-sparing IMT has been advocated in the treatment of BSRC as extended treatment is anticipated in most patients. [53] Indeed, numerous studies have demonstrated that both preservation of visual function with a reduction of inflammation, macular edema, and preservation of global retinal integrity as well as the induction of long-term remission is possible in patients with BSRC managed in this fashion. [9, 22, 51, 52, [54] [55] [56] Certainly highly symptomatic patients with BSRC, especially those who present with or develop vitritis, retinal vasculitis, macular edema, or evidence of There is no consensus on the optimal treatment regimen or duration of therapy for patients with BSRC. Corticosteroids are typically employed in the management of the more acute inflammatory manifestations of the disease and may be administered systemically, as bridging therapy until systemic IMT becomes effective, or as periocular and/or intravitreal injections for the treatment of acute or recurrent macular edema. Systemic corticosteroids are of inconsistent efficacy over the long run when used as chronic monotherapy requiring unacceptably high maintenance doses with the not infrequent development of serious steroid-associated adverse effects.
Systemic IMT options include antimetabolites, T-cell transduction/calcineurin inhibitors, intravenous immunoglobulin (IVIg) and the emerging use of other biologic therapies alone or in combination.
In an initial retrospective study of 19 patients with BSRC and in the subsequent study of 28 in patients from the same institution treated with very low initial doses of cyclosporine (2.5 mg/kg/day) alone or in combination with antimetabolites (methotrexate [MTX], azathioprine, mycophenolate mofetil [MM]) or daclizumab, a favorable visual outcome, inflammatory control, stabilization of ERG parameters, and the absence of demonstrable nephrotoxic side effects were achieved. [9, 55] Similarly, a recent retrospective analysis of 76 HLA-A 29 patients with BSRC, 46 of whom were followed for 5 years and 18 for >10 years, demonstrated that visual outcomes were better for those treated with MTX as compared to untreated individuals and corticosteroid-based regiments. [35] While the use of MTX or cyclosporine alone may be superior to the long-term use of systemic corticosteroids in the treatment of BSRC, monotherapy with cyclosporine, in our experience, has been associated with need for exceedingly prolonged therapy with the recurrences of inflammation when tapering this medication.
In an effort to achieve durable remission of inflammation, the combination of cyclosporine or MM has been exploited in 49 patients (98 eyes), over a mean follow-up time of 65 months. At the 1-year time point, vitreous inflammatory scores, the presence of angiographic leakage, but not the presence of CME, were significantly reduced from baseline with 67% (31/46) of patients achieving inflammatory control with no deterioration of ERG indices. All of these patients were able to maintain inflammatory remission off any kind of corticosteroids after the 1-year follow-up. [57] For patients with inflammation refractory to conventional IMT, biological agents such as IVIg [58] and daclizumab [59, 60] had been successfully employed in a small series of patients, although the latter agent is no longer available. The use of monoclonal antibodies to TNF-α is an emerging treatment alternative to conventional IMT, either alone or in combination. In a recent retrospective study of 22 patients with BSRC refractory to conventional IMT treated with infliximab, inflammatory control was achieved in 81.8% and 88.9% of patients at 6 months and the 1-year follow-up, respectively. Similarly, the rate of CME decreased from 22.7% at baseline to 13.9% at 6 months and to 6.7% at 12 months, while the percentage of patients with a visual acuity (VA) ≥20/40 increased from 84.1% at baseline to 91.7% and 94.4% at 6 months and 1-year, respectively. [61] Over the course of the study, 3 patients had active inflammation during therapy and 6 discontinued infliximab due to adverse effects.
The sustained release fluocinolone acetonide implant (Retisert ® ) may be a viable alternative for patients with BSRC who are unable to tolerate systemic corticosteroids or IMT. [62] [63] [64] While highly effective in controlling inflammation, reducing CME, stabilizing and/or improving vision and reducing the need for systemic IMT, the decision to employ this modality as the initial therapy should be tempered by the universal development of cataract and a more robust intraocular pressure response to the FA implant in eyes with BSRC than in those with other types of posterior and panuveitis. Specifically, there was a statistically significant increase in intraocular pressure during the first 4 months following FA implantation as well as a higher percentage of eyes requiring glaucoma surgery after a shorter time period following FA implantation (0.42/eye-year [EY] vs. 0.11/EY; median time to glaucoma surgery: 15.5 months vs. 31.5 months respectively, hazard ratio, 3.4; 95% confidence interval, 1.0-10.8, P = 0.04). [64] While there is consensus that the early introduction of steroid-sparing IMT offers the best long-term control of inflammation and preservation of visual function, in the absence of prospective, comparative data, the choice of drug and the regimen must be individualized to each patient with consideration given to both their medical status as well as to the availability and cost of these medications. An antimetabolite is generally commenced together with systemic corticosteroids to treat the more acute manifestations of the disease; however, it is not known which antimetabolite is superior as the initial therapy. In the event of inflammatory recurrence while on an antimetabolite, cyclosporine or tacrolimus may be added. Whether sequential or initial combined therapy of an antimetabolite and a calcineurin inhibitor is most efficacious in an effort to achieve durable remission, requires further prospective study. Should the inflammation recur despite combined IMT, therapy may be advanced to the available biologic agents such IVIg or TNF inhibitors with discontinuation of cyclosporine or tacrolimus.
The demonstration of IL-17, IL-2, IL-1β and TNF-α in the aqueous humor of patients with BSRC supports the use of infliximab and daclizumab in this disease and raises the possibility for therapeutic potential of anti-IL-17 therapy. Similarly, the presence of IL-21, I-L23, and TGF-β1 in the peripheral blood of patients with active, treatment naïve BSRC suggests a therapeutic rationale for the upstream or downstream targeting one or more of the cytokines involved in the Th17 cell-mediated with available or emerging biologic antagonists such as ustekinumab. [11] Whether such targeted biologic therapy is superior to standard IMT in the management of established intraocular inflammation and whether the active phenotype of Th17 cells and the production of proinflammatory cytokines (IL-17) can be modulated in such a way to reestablish immunologic tolerance and achieve sustained remission independent of chronic therapy, are important avenues for investigation moving forward.
PROGNOSIS
Birdshot retinochoroidopathy is a chronic progressive disease with the potential for significant visual impairment due to both structural complications (CME) and diffuse retinal dysfunction with the duration of disease being a statistically significant risk factor for both. In some eyes, central VA may be preserved until late in the disease course with significant irreversible peripheral retinal damage. Reported incidence rates for the development of vision loss to 20/50 or worse and to 20/200 or worse are 13% and 4%/EY, respectively. [54] Similarly, CME, with central visual loss, occurs at 10%/ EY. The use of long-term IMT results in an 83% reduction in CME, [54] may improve and/or stabilize VF [65, 66] and ERG parameters, [55, 57, [67] [68] [69] and in some cases, produce long-term remission in patients with BSRC. [57] There is no prospective data with respect to rates of relapse and remission in patients with BSRC, as well as to the optimal duration of therapy with IMT to achieve this goal. The Standardization of Uveitis Nomenclature Working Group has defined the term remission as inactive disease for ≥3 months after discontinuation of all treatments for ocular inflammation; however, this definition is clearly limited with respect to BSRC given its protracted course and the insidious nature of the development of visual dysfunction. [53] More clinically meaningful categories for clinical remission derived from those suggested for juvenile idiopathic arthritis, may be more congruent with the overall treatment goals for patients with inflammatory ocular disease in general and those with BSRC in particular and include: clinical remission, defined as inactive disease for 6 months on medication; and durable remission, defined as inactive disease off all IMT for 1-year.
MONITORING
The treatment endpoints, and so, the determinants of relapse and remission as well as the effective evaluation of existing and novel treatment strategies in BSRC hinge on the accurate assessment and monitoring of disease activity and severity in patients with BSRC; however, there is no consensus on how to best achieve this. Given that the typical clinical indices for inflammatory activity are clearly inadequate alone, a multifaceted approach employing electroretinographic and psychophysical testing, together with multimodal imaging modalities, is currently employed.
FULL FIELD ELECTRORETINOGRAPHY AND PSYCHOPHYSICAL TESTING
Full field electroretinography and perimetry have proven invaluable in the longitudinal follow-up of patients with BSRC for detection of global retinal dysfunction and peripheral retinal abnormalities respectively. As previously noted, the institution of IMT has been shown to stabilize and even partially reverse both VF and ERG abnormalities associated with BSRC, which may occur even in the absence of clinically overt signs of inflammation. [55, 57, [65] [66] [67] [68] [69] Prolongation of the 30 Hz flicker implicit time on the full field ERG testing has emerged as the single most important proxy marker for monitoring disease in patients with BSRC as it has been consistently correlated with disease activity, visual acuity, and may improve or stabilize with treatment, while predicting relapse with tapering of IMT. [67] [68] [69] Likewise, perturbations in other ERG parameters such as the dim rod scotopic b wave and bright scotopic b wave amplitudes correlate with disease severity (night blindness) and treatment failure with IMT taper respectively. [67] While retrospective data suggests that longer treatment intervals and perhaps more intensive therapy with alternative IMT may achieve better inflammatory control, prospective evaluation of the incremental changes in these ERG parameters will be of value not only in validating this impression, but also, in the management of patients between clinic visits. [70] Practically, ERG testing may present logistical problems for both clinicians and patients where such expertise is not readily available.
In contrast, VF testing as a direct measure of both central and peripheral visual function is more widely available. Abnormalities on Humphrey visual field (HVF) testing were present in 62% of 80 patients with BSRC at baseline with the most common patterns being multiple foci and arcuate defects. [71] While mean deviation scores were correlated with patient symptoms (blurred vision, nyctalopia and poor contrast sensitivity), and less so with visual acuity, VF abnormalities were observed in patients with normal visual acuity, underscoring the importance of monitoring peripheral retinal function in patients with BSRC. Moreover, total deviation was correlated with disappearance of the inner segment (IS)/outer segment (OS) band on time domain OCT. Goldmann visual field (GVF) defects (I-4 isopter) were present in 75% of 24 BSRC patients within 6 months of presentation with continued VF loss among those off treatment while some degree of reversibility for those receiving IMT. [65] The progression of VF defects over time in association with disease activity [22, 33, 52, 72] and their improvement under systemic IMT [65, 66] suggests that standardized evaluations may provide data that are useful in the longitudinal management of these patients. It has been suggested that GVF testing is more sensitive than HVF protocols in the evaluation of BSRC patients although this has not been studied in large groups of patients. [65] Certainly VF testing is fraught with inconsistency due to the inherent introduction of subjectivity on the part of the patient; however, GVF testing is additionally dependent on the expertise of the technician performing the test and is less widely available than HVF testing. Similarly, while it has been suggested that ERG testing may be more sensitive in the detection of early retinal dysfunction than VF testing, practical matters of time, cost, and access to available expertise of such testing must be considered. Monitoring with each modality on an alternate basis (every 6 months) may be a reasonable compromise.
MULTIMODAL IMAGING
Multimodal imaging with FA, ICGA, OCT and fundus autofluorescence (FAF) has demonstrated that the inner and outer retina, RPE and choroid are all involved, albeit differentially, in BSRC and is widely employed for both monitor and guide therapy. Questions remain as to which combinations of established and emerging imaging modalities are best suited for monitoring disease activity and as to whether there exists a BSRC phenotype based on early imaging.
FLUORESCEIN ANGIOGRAPHY
Fluorescein angiography typically fails to highlight the birdshot lesions themselves; rather the angiographic heterogeneity of these lesions seems to depend on their age and associated degree of activity, as well as on the presence of many lesions at different stages of evolution within the same eye. More important, FA may reveal critical components of active disease including retinal vasculitis, subtle macular edema, optic nerve head leakage, and diffuse posterior pole hyper-fluorescence [73] [ Figure 2 ]. Late structural complications of BSRC include retinal vascular attenuation, optic atrophy, epiretinal membrane formation [31, 32] and the uncommon occurrence of CNV, the latter best visualized by FA. [74, 75] The arteriovenous transit time is frequently prolonged in BSRC and it has been suggested that this finding may have diagnostic value in comparison to other posterior uveitic entities. Employing concurrent FA and ICGA, this finding has been reinterpreted in the light of the nearly normal transit time seen on ICGA versus the prolonged transit time measured on FA, attributable to extreme leakage of fluorescein dye from retinal arterioles and diffusion into the surrounding tissue prior to entering the venous circulation and to the more protein-bound, and hence, intravascular ICG. [73, 76] For this reason, a timed transit should be performed in patients with BSRC. The overarching utility of both standard and wide-field FA may be in the detection of clinically unapparent retinal vascular leakage, providing a highly sensitive index for active inflammation and may even reveal a BSRC phenotype in the early stages of the disease. Indeed, retinal vascular leakage as demonstrated by FA may be associated with decreased VA in eyes with a normal OCT. [77] 
INDOCYANINE GREEN ANGIOGRAPHY
Indocyanine green angiography discloses multiple hypo-fluorescent spots in the mid phase of the study, distributed around choroidal vessels, which may correspond to funduscopic lesions but are typically more numerous than those appreciated on clinical examination or on FA [ Figure 3 ]. Some areas of patchy hyper-fluorescence observed on FA did correspond to the hypo-fluorescent dots on ICGA, again suggesting that the retina and choroid are differentially affected in this disease. [78] ICGA may be valuable diagnostically in patients with lightly pigmented fundi and very early in the course of the disease where hypo-fluorescent dots are readily visualized by ICGA but the lesions themselves are not apparent clinically, on color photography or on FA. [73] Patients with recent active disease may also have fuzzy, indistinct choroidal vessels and late-diffuse choroidal hyper-fluorescence. [73] Both of these findings as well as the hypo-fluorescent dots not corresponding to window defects on FA, have been reported to respond to therapy to some degree. [73, 78] While providing insight into the choroidal inflammatory component of this disease, the more precise use of ICGA in monitoring patients with BSRC awaits prospective study.
FUNDUS AUTOFLUORESCENCE
Fundus autofluorescence imaging is a relatively new, noninvasive, in vivo modality that exploits the autofluorescence properties associated with lipofuscin accumulation within RPE cells and that of other fluorophores within the outer retina and subretinal space. It provides complimentary information with respect to RPE structure and function that may not be apparent with other imaging modalities and so, offer new insights into disease pathogenesis for monitoring progression. [79] FAF findings in BSRC include discrete areas of hypoautofluorescence (hypoAF) due to RPE atrophy; however there appears to be a nonuniform correspondence between these spots and the birdshot lesions seen biomicroscopically. [80, 81] RPE atrophy as visualized by FAF is seen both in areas of hypo-pigmented lesions and in areas where there are no such lesions suggesting that choroid and RPE (outer retina) may be differentially and independently affected. Likewise, the presence of linear hypoAF streaks, corresponding to visible changes at the level of the RPE along retinal blood vessels in some patients, reinforces the notion that retinal vascular inflammation plays an independent role in mediating inflammatory damage to the RPE. Finally, areas of placoid macular hypoAF indicative of RPE atrophy have been significantly correlated with VA of 20/50 or worse and with decreased mean foveal thickness. [80] With respect to disease monitoring, it will be of interest to learn whether these FAF findings are dynamic; changing with the progression of disease or modifiable with treatment.
OPTICAL COHERENCE TOMOGRAPHY
Optical coherence tomography is an invaluable noninvasive tool in the detection, quantification and longitudinal management of cystic, intraretinal and subretinal fluid associated inflammatory macular edema and CNV and in the delineation of other structural abnormalities including, epiretinal membranes and vitreomacular traction, in patients with BSRC. [82] At baseline, 31% of 122 eyes with BSRC were found to have macular edema using time-domain OCT. [77] High resolution, spectral domain OCT (SD-OCT) provides more precise anatomic detail of both inner and outer retinal anatomy including the clear identification of the external limiting membrane, the photoreceptor IS/OS junction, and the RPE/Bruch's membrane complex, the integrity of each being potentially predictive of reversible and irreversible macular changes; however, there are few studies detailing these finding in patients with BSRC. Macular thinning and disruption of the photoreceptor IS/OS junction has been noted using both time domain and SD-OCT and had been associated with decreased VA, contrast sensitivity and portends a poor visual prognosis. [77, 83, 84] Indeed, among 14 eyes of 7 patients with longstanding BSRC, macular atrophy as measured by SD-OCT was correlated with poor VA and depressed multifocal ERG (mfERG) foveal responses. [84] Macular thinning was associated with a loss of thickness of the segment subtending the proximal border of the outer plexiform layer and the Bruch-membrane-choroid interface suggesting that macular atrophy in BSRC occurs largely in the outer retina. [84, 85] The mfERG was abnormal even among those patients without evidence of macular atrophy on SD-OCT suggesting that mfERG changes precede thinning on OCT damage and may serve as a sensitive surrogate marker for disease activity before the development of irreversible structural damage. Restoration of macular outer retinal architecture as visualized by SD-OCT has been described in a patient with BSRC with the institution of systemic IMT. [86] The recent introduction of "enhanced depth imaging" (EDI) protocols [87] and extramacular image acquisition [88] with currently available SD-OCT provides high resolution visualization of the choroidal F i g u r e 3 . I n d o c y a n i n e a n g i o g r a p h y i n b i r d s h o t retinochoroidopathy reveals hypo-fluorescent spots in both the early phases of the study (a), as well as the late phases of the study (b) that are more numerous than those seen on fluorescein angiography. anatomy and the delineation of potentially significant structural changes outside the macula/vascular arcades respectively, heretofore unobtainable by conventional OCT. These protocols may be ideally suited for the study or uncommon chorioretinal diseases such as BSRC in which there is diffuse and differential inflammation of retina, RPE, and choroid which may not be confined entirely to the macula.
Retinal and choroidal morphology among 12 patients (24 eyes) with HLA-A29 positive BSRC was recently evaluated prospectively using a standard protocol for EDI and extramacular SD-OCT imaging and compared to that of 9 (18 eyes) normal controls. [89] Extramacular image sets revealed a spectrum of outer retinal substructure derangement ranging from focal disruption to generalized loss of the photoreceptor IS/OS junction as well as visualization of a "transition zone" in which structural abnormalities were initially seen. With generalized thinning and loss of retinal architecture, small hyper-reflective foci, thought to represent either clumping of the photoreceptors or pigment migration in response to injury, were observed in the absence of the photoreceptor IS/OS junction. Choroidal abnormalities included thinning/absence of Sattler layer, generalized atrophy, significantly reduced foveal choroidal thickness measurements relative to normal, focal choroidal hypo-pigmentation (increased sclera reflectivity corresponding to birdshot lesions), discrete hyper-reflective foci (proximate to birdshot lesions and thought to represent either pigment or clusters of inflammatory cells) and the presence of suprachoroidal hyporeflective space (fluid, possibly indicative of ongoing choroidal inflammation).
Preliminary data from a retrospective study of 14 HLA-A29 positive BSRC patients evaluated clinically and with EDI SD-OCT indicates that both the presence and thickness of this suprachoroidal fluid band is positively correlated not only with the subjective complaint of photopsias, but also with overt signs of active inflammation, specifically, retinal vasculitis and vitritis. [90] The use of EDI and extramacular OCT may allow improved phenotyping of posterior uveitic entities in general and of BSRC in particular. Both qualitative and quantitative assessment of the IS/OS junction thickness and intensity in peripheral locations may prove valuable both in clinical practice, as a marker for disease activity and response to therapy even in situations when it appears grossly intact, and as a surrogate endpoint in clinical trials. Likewise, abnormalities in choroidal morphology, such as the presence and thickness of suprachoroidal fluid, may serve as sensitive markers for disease activity which correlates with not only overt signs of inflammation (vasculitis and vitritis), but also subjective complaints (photopsias) which may influence treatment decisions. While assessment of the choroid for evidence of focal depigmentation with accompanying hyper-reflective foci may be of value diagnostically, the utility of EDI in monitoring disease activity will require prospective study to determine whether and to what degree these abnormalities in choroidal morphology are modifiable with therapy. Finally, detailed prospective evaluation of the relationship between extramacular and choroidal structural abnormalities, as well as those seen on other imaging modalities, such as FAF, the presence of inflammatory activity as manifested by FA and ICGA, and their functional correlates on electroretinographic and psychophysical testing will be fruitful avenues for future investigation.
Finally, as previously mentioned, peripheral cytokine levels may prove to be valuable markers in monitoring disease progression, predicting inflammatory recurrence and/or recalcitrant disease as well as the response to therapy.
CYTOKINES
As previously mentioned, intraocular (IL-17, IL-2, IL-1β and TNF-α) and peripheral cytokines (Il-21, IL-23 and TGF-β1) necessary for Th17 cell differentiation and abnormalities of Tregs in patients with active BSRC have been recently demonstrated. [10, 11, 19] These may provide valuable markers for monitoring disease progression, predicting inflammatory recurrence and/or recalcitrant disease as well as the response to therapy.
SUMMARY
BSRC is a chronic, progressive sight-threatening disease, which requires the early introduction of IMT in an effort to limit ocular structural damage, preserve global visual function, and induce long-term remission. Important questions remain in our understanding of this disease with respect to its pathogenesis, epidemiology, optimal treatment, prognosis, including predictors of remission and relapse, and in monitoring of disease progression and response to therapy. Markers of active and progressive disease, which may influence treatment decisions, include not only clinical indices of intraocular inflammation, but also those seen on established and emerging imaging modalities, including FA, ICGA, OCT (with EDI) and FAF, perimetry and electroretinography. Refinements in and standardization of the existing protocols for both ERG and VF testing, including the optimal type of perimetry, will be of value from both a clinical and research perspective. Likewise, questions remain as to which combinations of established and emerging imaging modalities are best suited for monitoring disease activity and as to whether a BSRC phenotype may be discerned on early imaging. Finally, cytokine levels may prove to be valuable markers in monitoring disease progression, predicting inflammatory recurrence and/or recalcitrant disease as well as the response to therapy.
